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(54) Support member, holder, process, and apparatus In the field of surface-treatment 



(57) In a process for surface-treating a plurality of 
works, the surfaces of the works are treated in a treating 
chamber, while being rotated about their axes, or about 
a rotational axis, or about their axes and about the rota- 
tional axis. Trie works are supported in a support mem- 
ber which may be comprised of an upper cage and a 
lower cage including a large number of compartments, 
so that the cages are openable and dosable in a length- 
wise direction. The support member may be comprised 
of plate-like elements openably and ciosaJbly fbldable in 
a lengthwise direction, so that a plurality of narrow sec- 
tions each having a length corresponding to an inside 
diameter of a work are defined in opened states of the 
plate-like elements. The works may be supported in a 
holder which is formed by coiling a wire at distances in 
such a manner that it is formed as a spring-like tubular 
structure, so that the works can be accommodated in 
the tubular structure. A surface treating apparatus for 
use in the surface treating process includes a treating 
material source provided within a treating chamber, so 
that a treating material released from the treating mate- 
rial source is delivered to reach works for a surface 
treatment, and a means for rotating a support member 
supporting the works about its axis, or about a rotational 
axis, or about its axis and about the rotational axis. 
Thus, the works can be surface-treated simultaneously 
and uniformly, while being rotated about their axes, or 
about the rotational axis, or about their axes and about 
the rotational axis. 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 5 

[0001] The present invention relates to a surface 
treating process, and in particular, a surface treating 
process for forming a deposited film of a metal such as 
aluminum, zinc and tin, or a metal nitride such as tita- 10 
nium nitride on the surface of a sintered product such 
as, for example, a rare earth metal-based magnet liable 
to be oxidized, and the like, thereby ensuring that the 
sintered product such as the rare earth metal-based 
magnet has a oxidation resistance. is 
[0002] In more particular, the present invention 
relates to a surface treating process capable of surface- 
treating a large number of works collectively and uni- 
formly such as a sintered product e.g., a rare earth 
metal-based magnet having a shape having an inside 20 
diameter portion such as a ring-like shape and the like, 
and to a surface-treating support member, a surface 
treating holder and a surface treating apparatus which 
are suitable for use in such process. 

25 

DESCRIPTION OF THE RELATED ART 

[0003] For example, in a conventional surface treat- 
ing process for a rare earth metal-based magnet, a vac- 
uum vapor-deposition apparatus 120 as shown in 30 
Fig. 11 was used to carry out a vapor deposition of alu- 
minum In Rg.1 1 , reference character 121 designates a 
vacuum treating chamber which can be maintained at a 
predetermined degree of vacuum through a vacuum 
pump 122. In the vacuum treating chamber 121 , alumi- 35 
num 123, which is an evaporation source, is heated 
within an evaporation source holder 124 by a heater 
125. A rare earth metal-based magnet article 130 as a 
work is accommodated in a cage-like container 126, 
and the vapor deposition of aluminum is carried out, 40 
while rotating the container 126. thereby uniformly 
depositing aluminum on the rare earth metal-based 
magnet article 130 as the work. 
[0004] In the above conventional surface treating 
process, however, the substantially uniform vapor-depo- 45 
srrJon can be performed certainly. However, because the 
works are piled one on another within the cage-like con- 
tainer, it cannot be avoided that some deposition nonu- 
nrformity is produced. Therefore, it has been desired to 
propose a surface treating process by which a further so 
uniform surface treatment can be performed. Many of 
rare earth metal-based magnet articles such as Nd-Fe- 
B based magnet articles, for example, resulting from the 
processing treatment, are rectangular parallelepiped, 
hard and moreover, has sharp comers. For this reason, 55 
the following problem is arisen: The corners collide with 
one another during the vapor depositing treatment 
whereby the deposited film on the surface is peeled off 



and in a severe case, the corners of a product are 
chipped, resulting in a poor yield. Particularly, in a case 
of a large-sized article, there is a problem that the 
weight is large, and the collision energy is large, result- 
ing in an extremely reduced yield. In a case of a work 
having an inside diameter portion and having a shape 
such as a ring-like shape and the like, there is a disad- 
vantage that the inside diameter side of the work is 
occluded by the other work and for this reason, the uni- 
form surface treatment of the inside cfiameter side can- 
not be achieved successfully. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present 
invention to provide a surface treating process, wherein 
the problems and disadvantages associated with the 
conventional process can be overcome, and even a plu- 
rality of works each having an inside diameter portion 
and having a shape such as a ring-like shape and the 
like can be uniformly surface-treated collectively. 
[0006] As a result of zealous reviews, the present 
inventors have found that the surface treatment of works 
such as a vapor deposition meeting the above require- 
ment can be carried out in a state in which the works 
has been spaced apart from one another, while rotating 
the works about their axes, or rotating the works about 
a rotational axis, or rotating the works about the rota- 
tional axis and about their axes. 
[0007] To achieve the above object, according to a 
first aspect and feature of the present invention, there is 
provided a surface-treating support member for sup- 
porting a plurality of works, comprising an upper cage 
and a lower cage including a large number of compart- 
ments, so that the cages are openaWe and closable in a 
lengthwise direction. 

[0008] With the above feature, the surface-treating 
support member is comprised of the upper and lower 
cages including the large number of compartments, so 
that the cages are openaWe and closable in the length- 
wise direction. Therefore, the works can be accommo- 
dated into the cage-like compartments at distances and 
removed from the cage-like compartments by opening - 
and closing the upper and lower cages. 
[0009] The shape, mesh size and the like of each 
cage may be selected properly, so that clearances can 
be formed at a size enough to ensure that a surface- 
treating material can reach works sufficiently and uni- 
formly in correspondence to the size and shape of the 
work. 

[0010] According to a second aspect and feature of 
the present invention, there is provided a surface-treat- 
ing support member for supporting a plurality of works 
each having an inside diameter portion, comprising 
plate-like elements openaWy and closaWy foldable in a 
lengthwise direction, the plate-like elements being 
capable of defining a plurality of narrow sections each 
having a length corresponcfing to the inside diameter of 
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the work in opened states. 

[0011] According to a third aspect and feature of the 
present invention, in addition to the second feature, the 
plate-like elements are openabry and closabfy folclable 
by a hinge. s 
[0012] With the above features, the surface-treating 
support member is comprised of plate-like elements 
openabry and dosabry foktable in a lengthwise direc- 
tion, so that the plurality of narrow sections each having 
a length corresponding to the inside diameter of the io 
work can be defined in the opened state. Therefore, 
works can be set respectively in the narrow sections in 
the folded states of the plate-like elements, and then 
supported in spaced-apart states in the narrow sections 
by folding up the plate-like elements. After the surface is 
treatment, the works can be easily removed from the 
support member by folding the plate-like elements 
again. 

[0013] Particularly, by ensuring that the plate-like 
elements can be openabfy and dosably folded by the 20 
hinge, it is easy to mount and remove the works to and 
from the support member. 

[0014] The shape, size and the like of each of the 
narrow sections may be selected, so that the works can 
be maintained in the spaced-apart states in correspond- 25 
ence to the size and shape of the work. 
[0015] According to a fourth aspect and feature of 
the present invention, there is provided a surface treat- 
ing hoWer comprising a wire which is coiled at distances 
in such a manner that it is formed as a spring-like tubu- 30 
lar structure having spiral-line faces at opposite ends 
thereof, so that works can be accommodated in the 
tubular structure. 

[0016] According to a fifth aspect and feature of the 
present invention, in addition to the fourth feature, the 35 
tubular structure is a cylindrical structure. 
[0017] According to a sixth aspect and feature of 
the present invention, in addition to the fourth feature, 
an entanglement preventing spring is wound around 
that portion of the wire which forms the side face of the ao 
tubular structure. 

[0018] Accortfing to a seventh aspect and feature of 
the present invention, in addition to the fourth feature, 
the wire is closely wound in the vicinity of opposite ends 
of a side face off the tubular structure. 45 
[0019] Accortfing to an eight aspect and feature of 
the present invention, in addition to the fourth feature, 
the central portion of the wire is closely wound at loca- 
tions corresponding to the spiral-line faces of the tubular 
structure. 50 
[0020] According to a ninth aspect and feature of 
the present invention, in addition to the fourth feature, 
the wire is formed of a stainless steel. 
[0021] In the surface-treating holder, the wire is 
coiled at distances in such a manner that it is formed as ss 
the spring-like tubular structure having spiral-line faces 
at opposite ends thereof, so that the works can be 
accommodated in the tubular structure. Therefore, the 



uniform surface treatment such as vapor deposition of 
aluminum can be carried out from the clearances 
defined by the wire. In addition, even when the holders 
collide with one another, the works within the holders 
cannot collide with one another. Moreover, no large 
shock cannot be applied to the work within the holder by 
the aid of a spring property possessed by the holder 
and hence, the peeling-off of a treated surface, the chip- 
ping of a product and the like cannot be produced. The 
work can be placed into and removed from the holder 
through the clearances defined by the wire by utilizing 
the spring property and thus, special inlet and outlet are 
not required. 

[0022] The diameter, number of turns and pitch of 
turns of the wire may be selected property, taking 
account of the formation of the clearance having a size 
enough to enable the appropriate spring property and 
the fact that the surface treating material can reach the 
work sufficiently and uniformly. 
[0023] If the holder is tubular, the shape of the 
holder is particularly not limited, and the holder may be 
elliptical. However, if it is taken into consideration that 
the holder can be easily rotated, and that the material is 
deposited uniformly, it is preferable that the holder is 
cylindrical. 

[0024] In addition, by winding the entanglement 
preventing spring around the that portion of the wire 
which forms the side face of the tubular structure, the 
wires forming the holders can be prevented from enter- 
ing a clearance defined between both of the wires, 
whereby the entanglement of the wires forming the 
holders with one another is prevented. 
[0025] The entering of the wires forming the holder 
into the clearance defined between both of the wires 
can be inhibited likewise even by closely coiling the wire 
in the vicinity of the opposite ends of the side face of the 
tubular structure, or by closely coiling the central portion 
of the wire at the opposite spiral-line faces of the tube, 
whereby the entanglement of the wires forming the 
holders with one another is prevented. This ensures that 
the uniform surface treatment such as vapor deposition 
of aluminum is feasible. 

[0026] By forming the wire from a stainless steel, for 
example, aluminum or the like deposited on the wire can 
be washed off by an acid. In addition, the spring prop- 
erly is not damaged even by the vapor deposition car- 
ried out at a high temperature, unlike iron. 
[0027] In this way, if the surface treatment such as 
vapor deposition of aluminum is earned out in a state in 
which a work comprising a rare earth metal-based mag- 
net has been accommodated in the surface treating 
holder having the above-described arrangement, the 
uniform surface treatment as ever can be achieved 
through the clearances defined by the wire, and moreo- 
ver, the peeling-off of the treated surface, the chipping 
of a product and the like cannot be produced, leading to 
an excellent yield. 

[0028] According to a tenth aspect and feature of 
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the present invention, there is provided a process for 
surface-treating a plurality of works, comprising the step 
of surface-treating the works in a treating chamber, 
while rotating the works about their axes in spaced- 
apart states. 5 
[0029] According to an eleventh aspect and feature 
of the present invention, in addition to the tenth feature, 
the surface treatment is a vapor deposition on a sintered 
artida 

[0030] According to a twelfth aspect and feature of io 
the present invention, in addition to the tenth feature, 
the rotation of the works about their axes is conducted 
with the works supported by a support member rotated 
about its axes. 

[0031 ] According to a thirteenth aspect and feature is 
of the present invention, in addition to the twelfth fea- 
ture, the surface treatment is a vapor deposition on a 
sintered artida 

[0032] According to a fourteenth aspect and feature 
of the present invention, in addition to the twelfth tea- 20 
ture, a support member according to the first feature is 
used. 

[0033] According to a fifteenth aspect and feature of 
the present invention, in addition to the fourteenth fea- 
ture, the surface treatment is a vapor deposition on a 25 
sintered artida 

[0034] According to a sixteenth aspect and feature 
of the present invention, in addition to the twelfth fea- 
ture, a support member according to the second feature 
is used. 30 
[0035] According to a seventeenth aspect and fea- 
ture of the present invention, in addition to the sixteenth 
feature, the surface treatment is a vapor deposition on a 
sintered artida 

[0036] According to an eighteenth aspect and tea- 35 
ture of the present invention, in adoption to the tenth fea- 
ture, each of the works is accommodated in 
corresponding one of holders according to the fourth 
feature, and the holders are rotated about their axes 
within a porous cage-like rotatabJe member. 40 
[0037] According to a nineteenth aspect and fea- 
ture of the present invention, in addition to the eight- 
eenth feature, the surface treatment is a vapor 
deposition on a sintered article. 

[0038] According to a twentieth aspect and feature 45 

of the present invention, there is provided a process for 

surface-treating a plurality of works, comprising the step 

of surface-treating the works, while rotating them about 

a rotational axis in spaced-apart states. 

[0039] According to a twenty first aspect and tea- so 

tureoftherxesertinverrtxxi.b 

feature, the surface treatment is a vapor deposition on a 

sintered artida 

[0040] According to a twenty second aspect and 
feature of the present invention, in addition to the twen- ss 
tieth feature, the rotation of the works about their axes is 
carried out with the works supported by a support mem- 
ber rotated about a rotational axis. 



[0041] According to a twenty third aspect and fea- 
ture of the present invention, in addition to the twenty 
second feature, the surface treatment is a vapor deposi- 
tion on a sintered artide. 

[0042] According to a twenty fourth aspect and fea- 
ture of the present invention, in addition to the twenty 
second feature, a support member according to the first 
feature is used. 

[0043] According to a twenty fifth aspect and fea- 
ture of the present invention, in addition to the twenty 
fourth feature, the surface treatment is a vapor deposi- 
tion on a sintered artide. 

[0044] According to a twenty sixth aspect and fea- 
ture of the present invention, in addition to the twenty 
second feature, a support member according to the sec- 
ond feature is used. 

[0045] According to a twenty seventh aspect and 
feature of the present invention, in addition to the twenty 
sixth feature, the surface treatment is a vapor deposition 
on a sintered artida 

[0046] According to a twenty eighth aspect and fea- 
ture of the present invention, there is provided a process 
for surface-treating a plurality of works, comprising the 
step of surface-treating the works, while rotating them 
about their axes and about a rotational axis in spaced- 
apart states. 

[0047] According to a twenty ninth aspect and fea- 
ture of the present invention, in addition to the twenty 
eighth feature, the surface treatment is a vapor deposi- 
tion on a sintered artide. 

[0048] According to a thirtieth aspect and feature of 
the present invention, in addition to the twenty eighth 
feature, the rotation of the works about the rotational 
axis conducted while being rotated about their axes is 
carried out with the works supported by a support mem- 
ber rotated about a rotational axis and about its axis. 
[0049] According to a thirty first aspect and feature 
of the present invention, in addition to the thirtieth fea- 
ture, the surface treatment is a vapor deposition on a 
sintered artida 

[0050] According to a thirty second aspect and fea- 
ture of the present invention, in addition to the thirtieth 
feature, a support member according to the first feature 
is used. 

[0051 ] According to a thirty third aspect and feature 
of the present invention, in addition to the thirty second 
feature, the surface treatment is a vapor deposition on a 
sintered artida 

[0052] According to a thirty fourth aspect and fea- 
ture of the present invention, in addition to the thirtieth 
feature, a support member according to the second fea- 
ture is used. 

[0053] According to a thirty fifth aspect and feature 
of the present invention, in addition to the thirty fourth 
feature, the surface treatment is a vapor deposition on a 
sintered artida 

[0054] In the above process for surface-treating the 
plurality of works, the surface treatment of the works is 
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carried out in the treating chamber in spaced-apart 
states, while rotating the works about their axes, or 
rotating the works about the rotational axis, or rotating 
the works about their axes and about the rotational axis. 
Therefore, the entire surfaces of the works can be 
treated uniformly and simultaneously. 
[0055] Thus, by such the uniform surface treatment 
of the works in the spaced-apart states, a film of a soft 
metal such as aluminum, tin and zinc or a hard metal 
nitride such as titanium nitride can be deposited uni- 
formly even on a hard and brittle sintered article. 
[0056] The rotation of the works about their axes, or 
about the rotational axis, or about their axes and about 
the rotational axis can be reliably achieved by support- 
ing the works by the support member rotated about its 
axis, or about the rotational axis, or about its axis and 
about the rotational axis. 

[0057] In this case, the works can be rotated about 
their axes, or about the rotational axis, or about their 
axes and about the rotational axis in the spaced-apart 
states by use of the surface-treating support member 
according to the above-described feature of the present 
invention. When the surface-treating support member is 
used which is comprised of the upper and lower cages 
including the cage-like compartments, so that the cages 
are openable and closable in the lengthwise cfirection, 
the works can be treated, irrespective of the shape of 
the works and particularly, even rf they are large-sized. 
[0058] In addition, by using the surface-treating 
support member which is comprised of the plate-like 
support elements openaHy and ctosabry foWable in the 
lengthwise direction, so that the plurality of narrow sec- 
tions each having a length corresponding to an inside 
diameter of a work having an inner diameter portion are 
defined in the opened states of the plate-like elements, 
the works having the inside diameter portion and having 
a disk-like shape or the like can be rotated about their 
axes, or about the rotational axis, or about their axes 
and about the rotational axis, while being reliably main- 
tained in the spaced-apart states. Particularly, when the 
works are supported at the inside diameter in the above 
manner, the works can be orientated vertically in the 
lengthwise direction with respect to the treating material 
source such as a vapor deposition source. Moreover, 
the reaching of the treating material to the surfaces of 
the works cannot be blocked, except for the inside diam- 
eter-supported points of the works, whereby a very effi- 
cient surface treatment can be achieved. Therefore, a 
vacuum deposition in a short time is feasHe, and the 
surface treatment can be finished before rising of the 
temperature. The surface treatment of, for example, an 
Nd-Fe-B rare earth metal-based sintered magnet article 
can be achieved in one run with a very good efficiency 
at a temperature of 400°C or less at which the magnetic 
property is not degraded. The inside diameter-support- 
ing is by point contact, and the point contact sites are 
moved property, whereby the entire inside diameter is 
surface-treated. 



[0059] Moreover, in this case, if the vapor deposi- 
tion is carried out in a state in which the negative pole 
has been connected to the support member; the works 
have been placed in their insulated states, and the 

5 vapor deposition source has been connected to a posi- 
tive pole, the uniform surface treatment can be per- 
formed for the inside diameter side, ft is convenient that 
the negative pole is connectable to the works through 
the means for rotating the works about their axes, 

w because the negative pole can be connected to the 
works, when a surface cleaning treatment is to be con- 
ducted with argon gas. 

[0060] The rotation of the works about their axes 
can be also performed by a method other than use of 
is the support member, for example, by accommodating 
the works in the surface-treating holders and rotating 
the holders about their axes within a porous cage-like 
rotatable member. 

[0061] The surface treatment is applicable to the 

20 formation of a film by a vapor deposition process and is 
suitable for depositing any of a metal, a non-metal inor- 
ganic substance, an organic compound and the like. 
The surface treatment is applicable to a vacuum deposi- 
tion process, an ion sputtering process, an ion plating 

25 process, a vapor deposition polymerization and the like. 
[0062] According to a thirty sixth aspect and feature 
of the present invention, there is provided a surface 
treating apparatus, comprising a treating material 
source provided within a treating chamber, so that a 

30 treating material released from the treating material 
source is delivered to reach works for a surface treat- 
ment and a means for rotating a support member sup- 
porting the works about its axis. 
[0063] According to a thirty seventh aspect and fea- 

35 ture of the present invention, in addition to the thirty 
sixth feature, the surface treating apparatus is a vapor 
deposition apparatus. 

[0064] According to a thirty eight aspect and feature 
of the present invention, there is provided a surface 

40 treating apparatus, comprising a treating material 
source provided within a treating chamber, so that a 
treating material released from the treating material 
source is delivered to reach works for a surface treat- 
ment and a means for rotating a support member sup- 

45 porting the works about a rotational axis. 

[0065] According to a thirty ninth aspect and feature 
of the present invention, in addition to the thirty eighth 
feature, the surface treating apparatus is a vapor depo- 
sition apparatus. 

so [0066] According to a forty aspect and feature of the 
present invention, there is provided a surface treating 
apparatus, comprising a treating material source pro- 
vided within a treating chamber, so that a treating mate- 
rial released from the treating material source is 

55 delivered to reach works for a surface treatment, and a 
means for rotating a support member supporting the 
works about its axis and about a rotational axis. 
[0067] According to a forty first aspect and feature 
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of the present invention, in addition to the fortieth fea- 
ture, the surface treating apparatus is a vapor deposi- 
tion apparatus. 

[0068] According to a forty second aspect and fea- 
ture of the present invention, in addition to the fortieth 
feature, the apparatus further includes at least two 
rotary plates, on which receiving elements for support 
members for supporting the works are disposed in a cir- 
cumferential direction, so that the support members can 
be supported between the at least two rotary plates 
through the receiving elements, whereby the support 
members can be rotated about their axes by the rotation 
of the receiving elements and rotated about the rota- 
tional axis by the rotation of the rotary plates. 
[0069] According to a forty third aspect and feature 
of the present invention, in addition to the forty second 
feature, the surface treating apparatus is a vapor depo- 
sition apparatus. 

[0070] According to a forty fourth aspect and fea- 
ture of the present invention, in addition to the fortieth 
feature, the apparatus further includes a means for 
transmitting a driving force provided by a driving shaft 
for rotating the support member about the rotational 
axis to the support member, as a driving force for rotat- 
ing the support member about its axis. 
[0071] According to a forty fifth aspect and feature 
of the present invention, in addition to the forty fourth 
feature, the surface treating apparatus is a vapor depo- 
sition apparatus. 

[0072] The above-described surface treating appa- 
ratus includes the means for rotating the support mem- 
ber for supporting the works about its axis, the means 
for rotating the support member for supporting the 
works about the rotational axis, or the means rotating 
the support member for supporting the works about its 
axis and about the rotational axis. Therefore, by trans- 
porting the surface-treating support member into the 
treating chamber to set it in the treating chamber, the 
plurality of works can be surface-treated simultaneously 
and uniformly, while being rotated about their axes, or 
about the rotational axis, or about their axes and about 
the rotational axis in spaced-apart states. 
[0073] In the surface treating apparatus, the sup- 
port members can be supported through the receiving 
elements between the at least two rotary plates on 
which the receiving elements for supporting the works 
are disposed in the circumferential direction. In addition, 
in the surface treating apparatus, the support members 
can be rotated about their axes by the rotation of the 
receiving elements and rotated about the rotational axis 
by the rotation of the rotary plates. Therefore, the plural- 
ity of works can be surface-treated simply utilizing the 
conventional vapor deposition apparatus, while being 
rotated about their axes, or about the rotational axis, or 
about their axes and about the rotational axis in the 
spaced-apart states. 

[0074] The surface treating apparatus is applicable 
to the formation of a film by a vapor-phase growth proc- 



ess, and more particularly, examples of such apparatus 
are a vacuum vapor deposition apparatus, an ion sput- 
tering apparatus, an ion plating apparatus, and a vapor 
deposition polymerizing apparatus. 
5 [0075] The above and other objects, features and 
advantages of the invention will become apparent from 
the following description of the preferred embodiment 
taken in conjunction with the accompanying drawings. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

[0076] 

Fig.1 is a perspective view of an embodiment of a 
is surface-treating support member according to the 
present invention; 

Figs.2A and 2B are front and side views of the 
embodiment of a surface-treating support member 
according to the present invention during mounting 

20 and removal of works; 

Figs.3A and 3B are front and side views of the 
embodiment of the surface-treating support mem- 
ber according to the present invention during sup- 
porting of works; 

25 Fig.4 is a front view showing the embodiment in a 
state in which it has been mounted to a rotary unit; 
Fig.5 is a front view of an embodiment of a surface 
treating holder according to the present invention; 
Fig.6 is a side view of the embodiment shown in 

30 Fig.5; 

Fig.7 is a front view of another embodiment of a 
surface treating holder according to the present 
invention; 

Fig.8 is a front view of an embodiment of a surface 
35 treating apparatus according to the present inven- 
tion; 

Fig.9 is a perspective view of a rotary unit of the 
apparatus shown in Fig.8; 
Fig.10isan enlarged perspective view of a disk unit 
40 for rotating works about their axes; 

Fig.1 1 is a view of a conventional surface treating 
apparatus. 

DESCRIPTION OF THE PREFERRED EMBQDI- 
45 MENTS 

[0077] The present invention will now be described 
by way of embodiments with reference to the accompa- 
nying drawings. 

50 

I. Embodiment of surface-treating support member 
comprised of upper and lower openaWe/dosaUe cages 

[0078] Fig.1 shews an embodiment of a surface- 
55 treating support member according to the present 
invention, which is comprised of upper and lower cages 
each including a large number of cage-like compart- 
ments, so that the cages are openabJe and closable in a 
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lengthwise direction. 

[0079] The upper and lower cages 1a and 1b con- 
stituting the surface-treating support member 10 are 
formed into symmetrical structures openable and dosa- 
We through a hinge 2, and each formed of a net made of s 
a stainless steel and having a mesh of 5 mm and a 
thickness of 1 mm. In the illustrated embodiment fifteen 
cage-tike compartments 3 are defined in a partitioned 
manner, so that a work Wa can be accommodated in 
each of the cage-like compartments 3. In Fig.1, refer- w 
ence character 4 designates a connecting piece for con- 
necting the surface-treating support member 10 to a 
receiving element which will be described hereinafter. 
The connecting piece 4 is capable of being fastened to 
the receiving element by a screw thread edly inserted 75 
into a bore 5. When the surface treatment is conducted, 
the upper and lower cages 1a and 1b are fastened to 
each other by a dp or dips (not shown) 

II. Embodiment of surface-treating support member 20 
comprised of openaHy/dosabJy foldable plate-like ele- 
ments 

[0080] The surface-treating support member of this 
embodiment is suitable for supporting a plurality of 2s 
works each having an inside diameter portion. 
[0081] In Rgs^ and 3 showing an embodiment of a 
surface-treating support member according to the 
present invention, the support member designated by 
20 in Fig.2 and 3 is comprised of plate-like elements 30 
openabry-dosabry foldable in a lengthwise direction. 
The plate-like elements are designed, so that a plurality 
of narrow sections each having a length corresponding 
to a diameter of a work having an inside diameter por- 
tion can be defined in opened states of the plate-like 35 
elements. 

[0082] A surface-treating support member 20 of this 
embodiment is suitable for supporting a plurality of 
works each having an inside diameter portion. 
[0083] Two plate-like elements 6, 6 formed from a 40 
plate material made of a stainless steel are formed into 
openaWe and dosable symmetrical plates and are nor- 
mally maintained in their folded state under the action of 
a resilient force of a spring hinge 7. 
[0084] Grooves 8 are defined at equal distances in 45 
each of the plate-like elements 6 along its outer side 
edge, so that a plurality of narrow sections 9 each hav- 
ing a length correspond ng to an inside diameter L of a 
work Wa having an inside diameter portion are defined 
by the opposed grooves 8 by opening the pJate-Kke ele- so 
merits 6, 6. 

[0085] In Rg.3A, reference character 4a designates 
a mounting groove for mounting the support member to 
the receiving element which will be described hereinaf- 
ter. Utilizing this groove 4a, the support member can be ss 
screwed to the receiving element 
[0086] Thus, in a state in which the plate-like ele- 
ments 6, 6 have been folded up, as shown in Fig.2A and 



2B, a work Wb having an inside diameter portion can be 
mounted or removed. In addition, the plate-like ele- 
ments 6, 6 can be brought into opened states, as shown 
in Fig.3A and 3B, and the work Wb can be supported at 
its inside diameter portion. H should be noted that the 
length of the narrow section 9 can be slightly shorter 
than the inside diameter U so that the work Wb can be 
rotated to some extent from the supported state, 
whereby the supported (contact) position can be 
changed. 

[0087] Fig.4 shows the support member 20 in a 
state in which it has been supported on the receiving 
element of a rotary unit 50 which will be described here- 
inafter. Opposite ends of the support member 20 are 
placed on the receiving elements, and the support 
member 20 is screwed to the receiving elements by uti- 
lizing the grooves 4a. 

III. Embodiment of surface-treating holder 

[0088] Figs.5 and 6 show an embodiment of a sur- 
face-treating holder accord ng to the present invention. 
The surface-treating holder designated by 30 in Figs.5 
and 6 is formed into a spring-like tubular structure, using 
a wire 1 1 made of a stainless steel (SUS304) and hav- 
ing a diameter of 1.6 mm by coiling the wire 11 in a 
counterdockwise direction with dearances being left, 
so that spiral-line faces 12, 12 are formed at opposite 
ends by coiling of the wire 11 at four turns. Between the 
spiraHinefaces12,12,thewire11 is coiled at distances 
of pitch of 8.2 mm A portion 12a is formed at a center 
portion of the spiral-line face 12 by close coiling of the 
wire 12. 

[0089] In this embodiment, opposite ends of the 
spring-like tubular portion 13 are portions 13a formed 
by dose coiling of the wire 1 1 at four turns with no clear- 
ance left. 

[0090] The wire 11 is coiled basically with clear- 
ances left and hence, a surface treatment such as vapor 
deposition of aluminum can be conducted through such 
dearances, and when the holders 30, 30 collide with 
each other, the entanglement is prevented from occur- 
ring by the cfosefy coiled portions 12a and 13a. 
[0091] In this embodiment, a spring 14 for prevent- 
ing the entanglement is further wound around the wire 
1 1 at the spring-like tubular structure 13. 
[0092] In the above embedment, the relatively long 
tubular structure is formed, but as in a modification 
shown in Rg.7, a short tubular structure may be formed, 
and the wire may be coiled at proper turns to form a 
holder having any size and shape adapted to the shape 
of a work. This holder is designed, so that the works are 
accommodated in the holder and then surface-treated, 
while being rotated about their axis within a cage-like 
container 
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IV. Embodiment of surface-treating apparatus 

[0093] Figs.8 to 10 show an embodiment of a sur- 
face-treating apparatus. The surface-treating apparatus 
shown is formed as aluminum vapor-depositing appara- s 
tus. 

[0094] Referring to Ftg.8, a plurality of boats for an 
evaporation source 42, each of which is a melting and 
evaporating area for vapor-depositing an aluminum 
material 41, are disposed on a boat support base 44 w 
risen above a support table 43 at a lower portion of a 
vacuum chamber 40 connected to an evacuating sys- 
tem (not shown). An aluminum wire 45 which is a mate- 
rial to be vapor-deposited, is wound and retained 
around a feed reel 46 below the support table 43, so 75 
that it is delivered continuously. A leading end of the alu- 
minum wire 45 is guided within a heat-resistant protect- 
ing tube 47 facing toward an inner surface of the boat 
42. Delivering gears 49. 49 are mounted in correspond- 
ence to a notch window 48 provided in a portion of the 20 
protecting tube 47, so that the aluminum wire 45 can be 
supplied into the boat 42 by bringing the delivering 
gears 49, 49 into direct contact with the aluminum wire 
45 to deliver the aluminum wire 45. The directions of the 
work about the rotational axis and about its axis are set & 
so that they are opposite from each other, as shown by 
arrows in Fig. 8. 

[0095] Two rotary units 50, 50 are disposed within 
the vacuum treating chamber 40, and each constitute a 
means for rotating a work support member about its so 
axis and about a rotating axis. The rotary units 50, 50 
are supported by rotary unit supports 50b, 50b provided 
on a rest 50a, so that they can be rotated in accordance 
with a driving force by rollers 50c mounted on the rotary 
unit supports 50b. 35 
[0096] Referring to Fig.9, a driving disk unit 51 for 
rotating the work about the rotating axis, which unit con- 
stitutes each of the rotary unit 50 and which is disposed 
on a left side, includes two disks 52 and 53 which are 
disposed in an opposed relation with a narrow clear- 40 
ance left therebetween. A rotating sprocket chain 55 is 
mounted on the left ring-like disk 52 as viewed in Fig.9 
along an inner periphery of the left ring-like risk 52 and 
meshed with a sprocket gear 54. Thus, the rotary unit 
50 is rotated about a rotational axis by transmitting the 45 
rotation of the sprocket gear 54 connected to a driving 
motor 56. 

[0097] Referring to Figs. 9 and 10, a driving disk 
unit 61 disposed centrally for rotating the work about its 
axis, is constructed in such a manner that a ring-like so 
disk 64 including a sprocket chain 63 is sandwiched 
between two risks 62, 62. A follower disk unit 71 dis- 
posed at a right end of the rotary unit 50 is comprised of 
a single cfisk 72. The three disk units 51, 61 and 71 are 
connected to one another by a rotary shaft 80, so that ss 
the disk units 61 and 71 are rotated synchronously with 
the rotating cfisk unit 51 with the driving of the rotating 
disk unit 51. 



[0098] The ring-like disk 64 including the rotating 
sprocket chain 63 is supported and non-rotatably fixed 
by a fixing arm 65, so that it is not in association with the 
rotation of the disks 62, 62 sandwiching the disk 64. 
[0099] Receiving elements 82 rotataWy through 
bearings 81 are mounted on each of the left and right 
disk units 51 and 71. Receiving elements 82 rotataWe 
simultaneously through bearings 81 are also project- 
ing^ mounted on an outer surface of each of the left and 
right disks 62, 62 of the central rotating disk unit 61. A 
sprocket gear 83 is mounted at a central portion of each 
of shafts 66 interconnecting the receiving elements 82 
and meshed with the rotating sprocket chain 63, so that 
each receiving element 82 is rotated about its axis with 
the rotation of the two disks 62, 62. 
[0100] Thus, if the surface-treating support mem- 
bers are clamped between the receiving elements 82, 
82 and electric current is supplied to the driving motor 
56, the two disks 62, 62 of the rotating disk unit 61 and 
the follower disk unit 71 are rotated with the rotation of 
the rotating disk unit 51, whereby the surface-treating 
support members are rotated about the rotational axis. 
In addition, the sprocket gears 83 meshed with the 
rotating sprocket chain 63 are rotated by the rotation of 
two disks 62, 62 of the rotating disk unit 61 and as a 
result the receiving elements 82 are rotated, and the 
receiving elements 82 mounted on the left and right disk 
units 51 and 71 are rotated freely and thus, the support 
members are rotated about their axes through the sur- 
face-treating support members. 
[0101] Both of the rotation of the support members 
about the rotational axis and the rotation of the support 
members about their axes are performed by the driving 
operation of the driving motor 56 and hence, only the 
driving shaft 56a of the driving motor 56 may be 
inserted through the vacuum treating chamber 40. 
Therefore, the degree of vacuum in the vacuum treating 
chamber is maintained at a high level, and the evacuat- 
ing time can be shortened. 

[01 02] In the above embodiment, the rotary unit 50 
has been constructed, so that the support members can 
be rotated about the rotational axis and rotated about its 
axis. Alternatively, the rotary unit 50 may be con- 
structed, so that the surface-treating support members 
are only rotated about the rotational axis, for example, 
by eliminating the rotating sprocket chain 68 and the 
sprocket gears 83. 

[01 03] For example, if the rotating disk unit 51 , the 
two disks 62, 62 of the rotating disk unit 61 and the fol- 
lower disk unit 71 are maintained in the fixed states, so 
that only the ring-like disk 64 including the sprocket 
gears 83 is rotated, only the receiving elements 82 are 
rotated, so that the surface-treating support members 
can be rotated only about their axes. 
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V. Embodiment of surface treatment using surface-treat- 
ing support member comprised of upper and lower 
operable and dosable cages 

[0104] The vapor deposition of aluminum was car- s 
ried out using the surface-treating support member 
comprised of the upper and lower openable and dosa- 
ble cages in the above-described embodiment. 
[0105] An Nd-Fe-B rare earth metal-based magnet 
as described in US Patent NO.4,770.723 having a size io 
of 30 mm x 10 mm x 50 mm was used as a work and 
subjected to a vapor deposition of aluminum utilizing the 
abovedescrbed vapor deposition apparatus. More 
specifically, the support members were set in the appa- 
ratus and then, the apparatus was evacuated to 4 x 10* is 
4 Torr. Further, argon (Ar) gas was introduced into the 
apparatus, and an electric potential difference of -500 V 
was applied to the support members to clean the sur- 
face of the magnet for 20 minutes. Then, in a state in 
which an electric potential difference of -100 V was 20 
applied to the support members, the works were sub- 
jected to the vapor deposition of aluminum at a thick- 
ness of 10 jxm for 25 minutes, wherein the boats were 
heated to evaporate aluminum. In this case, the rotation 
of the works about the rotational axis was at 1.2 rpm, 25 
and the rotation of the works about their axes was at 5 
rpm. Under such conditions, the vapor deposition of alu- 
minum at a thickness of 10 jim was earned out As a 
result aluminum was deposited uniformly on the work 
with no peeling-off of an aluminum-deposited fim on a 30 
product and with no chipping of the product 

VI. Embodiment of surface-treating support member 
comprised of openaUy/dosably foWabJe plate-like ele- 
ments 35 

[0106] The vapor deposition of aluminum was car- 
ried out using the surface-treating support member 
comprised of the openabiy/closably fokJable plate-Jike 
elements in the above-described embodiment 40 
[0107] A ring-like Nd-Fe-B rare earth metal-based 
magnet as described in US Patent NO.4,770,723 hav- 
ing an outside diameter of 39.5 mm, an inside diameter 
of 22 mm and a thickness of 0.9 mm was used as a 
work and subjected to a vapor deposition of aluminum 45 
at a thickness of 10 jim, utilizing the above-described 
vapor deposition apparatus under the same conditions, 
except that the vapor-depositing time was set at 15 min- 
utes. As a result, aluminum was deposited uniformly on 
the work with no peeling-off of an aluminum-deposited so 
film on a product and with no chipping of the product 

VII. Embodiment of surface treatment using surface- 
treating holder 

55 

[0108] The vapor deposition of aluminum was car- 
ried out using the holder (40 x 60 mm) in the above- 
described embodiment. 



[0109] An Nd-Fe-B rare earth metal-based magnet 
as described in US Patent No.4,770,723 having a size 
of 30 x 10 x 50 mm was used as a work and subjected 
to a vapor deposition of aluminum at a thickness of 10 
jim utilizing the vapor deposition apparatus shown in 
Fig.1 1 under the same condition as in the embodiment 
of the surface-treating support member comprised of 
the upper and lower cages, except that the cage-like 
container was rotated at 1 2 rpm. As a result aluminum 
was deposited uniformly on the work with no peeling-off 
of an aluminum-deposited film on a product and with no 
chipping of the product 

Comparative Example 

[0110] The same work was used and immediately 
accommodated into the cage-tike container where it 
was subjected to the vapor deposition of aluminum with- 
out use of the holder according to the present invention 
as in the prior art. As a result aluminum was deposited 
uniformly on the work, but scars were produced on the 
aJuminum-deposrted surface of a product; a chipping of 
the product was observed, resulting in a yield which was 
a value as low as 65%. 

Claims 

1. A surface-treating support member for supporting a 
plurality of works, comprising an upper case and a 
lower cage including a large number of compart- 
ments, so that the cages are openable and dosable 
in a lengthwise direction. 

2. A surface-treating support member for supporting a 
plurality of works each having an inside diameter 
portion, composing plate-like elements openably 
and closatxy foldable in a lengthwise direction, said 
plate-like elements being capable of defining a plu- 
rality of narrow sections each having a length corre- 
sponding to the inside diameter of the work in 
opened states. 

3. A surface-treating support member according to 
claim 2, wherein said plate-like elements are open- 
ably and closably foldable by a hinge. 

4. A surface treating holder comprising a wire which is 
coiled at distances in such a manner that it is 
formed as a spring-like tubular structure having spi- 
ral-line faces at opposite ends thereof, so that 
works can be accommodated in said tubular struc- 
ture. 

5. A surface treating holder according to claim 4, 
wherein said tubular structure is a cylindrical struc- 
ture. 

6. A surface treating holder according to claim 4, fur- 
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ther including an entanglement preventing spring 
wound around that portion of said wire which forms 
the side face of said tubular structura 

7. A surface treating holder according to claim 4, s 
wherein said wire is closely wound in the vicinity of 
opposite ends of a side face of said tubular struc- 
tura 

a A surface treating holder according to claim 4, w 
wherein the central portion of said wire is closely 
wound at locations corresponding to the spiral-line 
faces of said tubular structure. 

9. A surface treating holder according to claim 4, 75 
wherein said wire is formed of a stainless steel. 

10. A process for surface-treating a plurality of works, 
comprising the step of surface-treating the works in 

a treating chamber, while rotating the works about 20 
their axes in spaced-apart states. 

11. A process for surface-treating a plurality of works 
according to claim 10, wherein said surface treat- 
ment is a vapor deposition on a sintered article. 2s 

12. A process for surface-treating a plurality of works 
according to claim 10, wherein said rotation of the 
works about their axes is conducted with the works 
supported by a support member rotated about its 30 
axes. 

13. A process for surface-treating a plurality of works 
according to claim 12, wherein said surface treat- 
ment is a vapor deposition on a sintered article. 35 

14. A process for surface-treating a plurality of works 
according to claim 12. wherein a support member 
according to claim 1 is used. 

40 

15. A process for surface-treating a plurality of works 
according to claim 14, wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

16. A process for surface-treating a plurality of works 45 
according to claim 12, wherein a support member 
according to claim 2 is used. 

17. A process for surface-treating a plurality of works 
according to claim 16, wherein said surface treat- so 
merrt is a vapor deposition on a sintered articla 

18. A process for surface-treating a plurality of works 
according to claim 10, wherein each of the works is 
accommodated in corresponding one of holders 55 
according to claim 4, and said holders are rotated 
about their axes within a porous cage-like rotatable 
member. 



19. A process for surface-treating a plurality of works 
according to claim 18, wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

2a A process for surface-treating a plurality of works, 
comprising the step of surface-treating the works, 
while rotating them about a rotational axis in 
spaced-apart states. 

21. A process for surface-treating a plurality of works 
according to claim 20, wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

22. A process for surface-treating a plurality of works 
according to claim 20, wherein said rotation of the 
works about their axes is carried out with the works 
supported by a support member rotated about a 
rotational axis. 

23. A process for surface-treating a plurality of works 
according to claim 22, wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

24. A process for surface-treating a plurality of works 
according to claim 22, wherein a support member 
according to claim 1 is used. 

25. A process for surface-treating a plurality of works 
according to claim 24, wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

26. A process for surface-treating a plurality of works 
according to claim 24. wherein a support member 
according to claim 2 is used. 

27. A process for surface-treating a plurality of works 
according to claim 26. wherein said surface treat- 
ment is a vapor deposition on a sintered articla 

2a A process for surface-treating a plurality of works, 
comprising the step of surface-treating the works, 
while rotating them about their axes and about a 
rotational axis in spaced-apart states. 

2a A process for surface-treating a plurality of works 
according to claim 28, wherein said surface treat- 
ment is a vapor deposition on a sintered article. 

3a A process for surface-treating a plurality of works 
according to claim 28, wherein said rotation of the 
works about the rotational axis conducted while 
being rotated about their axes is carried out with the 
works supported by a support member rotated 
about a rotational axis and about its axis. 

31. A process for surface-treating a plurality of works 
according to claim 30, wherein said surface treat- 
ment is a vapor deposition on a sintered article. 
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32. A process for surface-treating a plurality of works 
according to claim 30, wherein a support member 
according to daim 1 is used. 

33. A process for surface-treating a plurality of works s 
according to claim 32, wherein said surface treat- 
ment is a vapor deposition on a sintered article. 

34. A process for surface-treating a plurality of works 
according to claim 30, wherein a support member w 
according to claim 2 is used. 

35. A process for surface-treating a plurality of works 
according to claim 34, wherein said surface treat- 
ment is a vapor deposition on a sintered artida 15 

36. A surface treating apparatus, comprising a treating 
material source provided within a treating chamber, 
so that a treating material rel eased from said treat- 
ing material source is delivered to reach works for a 20 
surface treatment and a means for rotating a sup- 
port member supporting the works about its axis. 

37. A surface treating apparatus according to daim 36, 
wherein said surface treating apparatus is a vac- 25 
uum vapor deposition apparatus. 

38. A surface treating apparatus, comprising a treating 
material source provided within a treating chamber, 

so that a treating material released from said treat- 30 
ing material source is delivered to reach works for a 
surface treatment, and a means for rotating a sup- 
port member supporting the works about a rota- 
tional axis. 

35 

39. A surface treating apparatus according to daim 38. 
wherein said apparatus surface treating is a vac- 
uum vapor deposition apparatus. 

40. A surface treating apparatus, comprising a treating ao 
material source provided within a treating chamber, 

so that a treating material released from said treat- 
ing material source is delivered to reach works for a 
surface treatment, and a means for rotating a sup- 
port member supporting the works about its axis as 
and about a rotational axiSw 

41. A surface treating apparatus according to daim 40, 
wherein said apparatus surface treating is a vac- 
uum vapor deposition apparatus. 50 

42. A surface treating apparatus according to daim 40, 
further including at least two rotary plates, on which 
receiving elements for support members for sup- 
porting the works are disposed in a circumferential 55 
direction, so that said support members can be 
supported between said at least two rotary plates 
through said receiving elements, whereby said sup- 



port members can be rotated about their axes by 
the rotation of said receiving elements and rotated 
about the rotational axis by the rotation of said 
rotary plates. 

43. A surface treating apparatus according to daim 42, 
wherein said apparatus surface treating is a vac- 
uum vapor deposition apparatus. 

44. A surface treating apparatus according to claim 39, 
further including a means for transmitting a driving 
force provided by a driving shaft for rotating the 
support member about the rotational axis to said 
support member, as a driving force for rotating said 
support member about its axis. 

45. A surface treating apparatus according to claim 44, 
wherein said surface treating apparatus is a vac- 
uum vapor deposition apparatus. 
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FIG. 5 
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FIG. 8 
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FIG. 10 
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